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ABSTRACT 
 
Single crystals of semi organic material Trisglycine zinc chloride (TGZC) were grown from aqueous solution by 
slow evaporation solution growth technique. Single crystal X-ray Diffraction analysis was used to estimate the cell 
parameters of the grown crystals. The grown crystals were tested by FTIR, thermo gravimetric and differential 
thermal analysis and UV–vis–NIR analysis. The absorbance spectrum of TGZC crystal is used to calculate the band 
gap and it is found to be 4.93eV. The second harmonic conversion efficiency of TGZC was determined using the 
Kurtz and Perry powder technique. It was observed to be 0.5 times greater than that of KDP. The mechanical 
strength of the crystal is determined by Vicker’s Hardness test. 
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INTRODUCTION 
 

The synthesis of novel and efficient frequency conversion materials has resulted in the development of semi-organic 
materials, which possess large nonlinearity, high resistance to laser induced damage, low angular sensitivity and 
good mechanical stability [1–3]. Amino acids are interesting organic materials for NLO applications as they contain 
zwitterions, which create hydrogen bonds. Amino acids have two or more types of coordination atoms and can act as 
various bridging ligands[4,5]. Glycine is the simplest amino acid. Some complexes of Glycine with inorganic salts 
are Lithium Sulphate[6], Sodium Nitrate[7], Potassium Sulphate[8], and Zinc Chloride[9] that forms NLO 
semiorganic crystals. Hariharan et al. [10] and Fleck et al.[11] have studied the crystal structure and phase matching 
studies on Trisglycine Zinc Chloride. Wojciechowski et al.[12] have studied laser induced optical effects of 
Trisglycine Zinc Chloride. The present paper deals with the growth of Trisglycine Zinc Chloride (TGZC) by slow 
evaporation solution growth technique and characterization by single-crystal X-ray Diffraction (XRD), Fourier 
Transform Infrared (FTIR) spectrum, UV analysis, NLO and microhardness test.  
 

MATERIALS AND METHODS 
 
MATERIAL SYNTHESIS 
Trisglycine Zinc Chloride (TGZC) was synthesized by dissolving high purity Glycine and Zinc Chloride in the ratio 
of 3:1 in deionised water with continuous stirring. The prepared solution was left for evaporation at room 
temperature and crystals were obtained within a period of 20 days. The impurity content of TGZC was minimized 
by recrystallization process. The grown crystals were optically transparent and are shown in Figure 1. 
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Fig 1. As grown crystal of TGZC by slow evaporation technique
 

 
3.1. Single Crystal X-Ray Diffraction 
Single-crystal X-Ray Diffraction analysis for the grown 
APEX-II Diffractometer. The determined lattice parameters a=11.20 Å, b=15.19 Å, c=15.54 Å and volume
Å3 are in good agreement with the reported values
Pbn21, which is recognized as noncentrosymme
the SHG activity. 
 
3.2. FTIR Spectral Analysis 
The FTIR spectrum was recorded using a Perkin
in the range 450–4000 cm-1 at room temperature. 
zwitterions in the crystalline state both in free molecule and in sandwich complex. The 
not affected since they are not metal sensitive. The broad peak at 3180
group. The broadness of the peak in the region of 2800
existing between the two layers of G
is revealed by the peak at 1032cm-1

vibrations. The peaks observed at 1641,
transmission due to the Carboxylate group of f
Similarly the absorption peaks due to the NH
3180, 1499, 1134 and  513cm-1respectively. The link between the molecules in each layer is through hydrogen 
bonds. The two layers are also interlinked by hydrogen bonds
 

 
 

3.3. Optical Studies 
The optical absorption spectrum of the grown crystal was recorded in the wavelength range 200
Varian Cary 5e spectrophotometer. 
is low in the entire visible and near infrared region with the low
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Fig 1. As grown crystal of TGZC by slow evaporation technique. 

RESULTS AND DISCUSSION 

Ray Diffraction analysis 
iffraction analysis for the grown TGZC crystal has been carried out using Bruker Kappa 

iffractometer. The determined lattice parameters a=11.20 Å, b=15.19 Å, c=15.54 Å and volume
are in good agreement with the reported values [10]. TGZC belongs to orthorhombic system with

, which is recognized as noncentrosymmetric, thus satisfying the basic and essential material requirements for 

The FTIR spectrum was recorded using a Perkin–Elmer FTIR spectrum RXI spectrometer by KBr pellet technique 
at room temperature. The FTIR spectrum is shown in Fig

zwitterions in the crystalline state both in free molecule and in sandwich complex. The –
not affected since they are not metal sensitive. The broad peak at 3180 cm-1 is considered to be due to the 

. The broadness of the peak in the region of 2800–3400cm-1 is due to intermolecular hydrogen bonding 
Glycine of Dichlorodiglycinezinc (II) and Glycine molecule
1. Strong bands traced at 917 and 1324cm-1 are due to the C

vibrations. The peaks observed at 1641, 1411, 672 and 592cm-1 indicate the presence of 
arboxylate group of free Glycine is observed at 1610, 1413,

absorption peaks due to the NH3
+ group of free Glycine at 3175, 1492,1131

respectively. The link between the molecules in each layer is through hydrogen 
interlinked by hydrogen bonds [10].                 

Fig. 2.FT IR Spectrum of TGZC 
 

The optical absorption spectrum of the grown crystal was recorded in the wavelength range 200
 The absorption spectrum is shown in Figure 3. It is observed that the absorption 

in the entire visible and near infrared region with the lower cut-off wavelength at 
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TGZC crystal has been carried out using Bruker Kappa 
iffractometer. The determined lattice parameters a=11.20 Å, b=15.19 Å, c=15.54 Å and volume =2642 

. TGZC belongs to orthorhombic system with space group 
essential material requirements for 

spectrometer by KBr pellet technique 
The FTIR spectrum is shown in Figure 2.Glycine exists as 

–CH2 group frequencies are 
is considered to be due to the –NH2 

is due to intermolecular hydrogen bonding 
lycine molecule [13]. CCN stretching 
are due to the C–H stretching mode 

indicate the presence of Carboxylate group. The 
1413, 694 and 607cm-1 [14]. 

1492,1131 and 516cm-1are shifted to 
respectively. The link between the molecules in each layer is through hydrogen 

The optical absorption spectrum of the grown crystal was recorded in the wavelength range 200–2000nm using a 
It is observed that the absorption 

off wavelength at 250nm.It suggests that the 
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material is quite suitable for SHG studies and other related optoelectronic applications [15]. The dependence of 
optical absorption coefficient on photon energy helps to study the band structure and the type of transition of 
electrons [16]. The optical absorption coefficient (α) was calculated using the following relation 
 

� =  �2.303
	 
 log �1

�
 

 
where T is the transmittance and t is the thickness of the crystaland log (1/T) is defined as absorbance of the 
sample[17]. Optical band gap (Eg) was evaluated from the transmission spectra and optical absorption coefficient 
(α) near the absorption edge is given by [18].  
 

�ℎ��� = ��ℎ� − ��
���  �

�
� 

 
where A is a constant, Eg the optical band gap, h the Planck constant and υ the frequency of the incident photons. 
The direct band gap of TGZC crystal was estimated by plotting (αhυ)2 versus hυ as shown in Figure 4 and 
extrapolating the linear portion near the onset of absorption edge to the energy axis[19]. From the figure, the value 
of band gap was found to be 4.93eV. As a consequence of wide band gap, the grown crystal has large transmittance 
in the visible region [20]. 
 

                

Fig. 3. Absorption spectrum of TGZC crystal                                                 Fig.4.  Band gap spectra of TGZC crystal 
 

3.4. Second Harmonic Generation  
The Second Harmonic Generation signal in TGZC crystals were examined by the Kurtz powder technique [21]. The 
fundamental beam of high-intensity (λ=1064 nm) from Q- switched Nd:YAG laser with pulse duration of 8ns with 
10 Hz pulse rate was made to fall normally on the powdered sample cell. The Second Harmonic Generation 
behavior was confirmed from the emission of green light (λ=532 nm) and collected after separating the 1064 nm 
pump beam with an IR-blocking filter. SHG efficiency of the grown single crystal is 0.5 times that of the standard 
KDP crystal. 
 
3.5. Thermal Analysis  
Thermo Gravimetric analysis of the crystal was carried out in the temperature range 20–1300oC in nitrogen 
atmosphere at the heating rate of 10oC/min using the instrument NETZSCH STA 409C/CD thermal analyzer. The 
TGA–DTA curves of TGZC are illustrated in Figure 5. The curve shows an endothermic peak at 235oC which can 
be attributed to the melting point of the sample. The study reveals that the initial decomposition of the sample starts 
at 235oC and a weight loss of 39% observed between 235 and 420oC. This is due to the loss of four Chlorine atoms 
attached to Zinc and two Glycine molecules, which are attached with Dichlorodiglycinezinc(II) by weak hydrogen 
bonding[13]. Beyond 420oC, there is a weight loss of 52% due to the removal of remaining compounds attached 
with Zinc by coordinate bond. The results confirm that the crystal is stable upto 235 oC. Further, the compound has 
no phase transition till the material reaches the melting point, which enhances the temperature range of the crystal 
for NLO applications [22].  
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Fig  .5. TG/DTA Curve for TGZC crystal 

 
3.6. Microhardness Test 
Hardness is a measure of the resistance to plastic deformation [23]. The hardness of the crystal carries information 
about the strength, molecular bindings, yield strength and elastic constants of the material. The mechanical property 
of the TGZC crystals was studied using SHIMADZU HMV 2T Vickers hardness tester, fitted with a Vickers’s 
diamond pyramidal indenter.  
 
The hardness values were calculated from the formula 
 

� = 1.8544P
%�  

 
where P is the applied load and d is the mean diagonal length of the indentation. The trace is shown in Fig. 6, which 
shows that the hardness increases with the increase of load due to the release of internal stress generated by 
indentation [24]. The phenomenon of dependence of microhardness of a solid on the applied load, at low level of 
testing load is known as indentation size effect (ISE). Meyer's law [25] relates load and size of indentation as   P = 
adn connecting the applied load (P) and diagonal length (d) of the indentation, work hardening coefficient /Meyer’s 
index ‘n’ was calculated. Here, ‘a’ is the constant for a given material. The work hardening coefficient was found to 
be 2.68 by taking a slope in the straight line of the graph drawn between logP and logd. Hv should increase with the 
increase of P if n>2 and decrease if n<2. According to Onitsch [26] and Hanneman [27] ‘n’ should lie between 1 and 
1.6 for hard materials and is greater than 1.6 for soft materials. The ‘n’ value observed in the present studies is 
around 2.68 suggesting that the grown TGZC crystal belongs to softer material category.The elastic stiffness 
constant (C11) for different loads calculated using Wooster's empirical formula [28] C11=Hv7/4 are shown in  
 
Table 1 which gives an idea about the tightness of bonding between neighboring atoms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Vickers hardness number vs. load 
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Table 1: C11 for various loads 
 

S.No Load (gm) C11 (x1012 Pa) 
1 25 4.38557 
2 50 10.9467 
3 100 17.5531 

 
CONCLUSION 

 
A semiorganic NLO material Trisglycine Zinc Chloride (TGZC) was synthesized and single crystals have been 
grown by slow evaporation technique. From the single crystal X-Ray Diffraction analysis, lattice parameters were 
estimated. Functional groups and hydrogen environment were confirmed by FTIR analysis. The low optical 
absorption in the entire visible, near infrared region and lower cut-off wavelength facilitate it to be a potential 
material for NLO applications. The direct band gap energy for the grown crystal is found to be 4.93eV. Thermal 
analysis indicated that the grown crystal is stable up to 235 oC. The NLO behavior of the TGZC was confirmed by 
the Kurtz–Perry powder SHG technique. Microhardness study on TGZC crystals reveals that the Vickers hardness 
number Hv increases with increase in load and it belongs to soft material category as Meyer's index number ‘n’ is 
greater than 2.The stiffness constant C11 is quite high, revealing that the binding forces between the ions are quite 
strong. The above characterization and the nonlinear optical properties confirm that the grown crystal is suitable for 
the fabrication of various optoelectronic devices.  
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